Estradiol regulates daily rhythms underlying diet-induced obesity in female mice.
The circadian system is a critical regulator of metabolism and obesity in males, but its role in regulating obesity in females is poorly understood. Because there are sex differences in the development of obesity and susceptibility to obesity-related disorders, we sought to determine the role of estrogens in regulating the circadian mechanisms underlying diet-induced obesity. When fed high-fat diet, C57BL/6J male mice gain weight, whereas females are resistant to diet-induced obesity. Here, we demonstrate that estradiol regulates circadian rhythms in females to confer resistance to diet-induced obesity. We found that ovariectomized females with undetectable circulating estrogens became obese and had disrupted daily rhythms of eating behavior and locomotor activity when fed a high-fat diet. The phase of the liver molecular circadian rhythm was also altered by high-fat diet feeding in ovariectomized mice. Estradiol replacement in ovariectomized females a fed high-fat diet rescued these behavioral and tissue rhythms. Additionally, restoring the daily rhythm of eating behavior in ovariectomized females with time-restricted feeding inhibited diet-induced obesity and insulin resistance. Together, these data suggest that the circadian system is a target for treating obesity and its comorbidities in women after menopause, when circulating levels of estrogens are too low to protect their circadian rhythms.